The spoilage potential of isolates belonging to five bacterial groups/species (Shewanella baltica, Carnobacterium maltaromaticum, Aeromonas salmonicida, Vibrio sp., "other Gamma-Proteobacteria" [containing one strain of Pseudoalteromonas sp. and one strain of Psychrobacter sp.]) isolated from spoiled cooked and whole tropical shrimp stored under modified atmosphere packaging (MAP) was evaluated by inoculation into ionized cooked and peeled tropical shrimp followed by storage for 32 days at 8°C. Microbial growth and sensory changes were monitored during the storage period. The major spoilage bacterial isolate groups were C. maltaromaticum and S. baltica. In order to characterize their spoilage potential further and to study the effect of their interactions, each of these two specific spoilage organisms (SSO) and one mixed-culture, C. maltaromaticum/S. baltica, were tested using a combination of complementary methods: molecular (PCR-TTGE), sensory, chemical, and conventional microbiological analyses. It was concluded that, in the mixed-culture-inoculated samples, both species groups imposed their spoilage characteristics.
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4 causing unpleasant changes. To identify the SSO among the bacterial groups present at the 74 time of spoilage, the impact of bacterial isolates on the chemical and sensory characteristics 75 obtained on inoculated products should be compared to those of naturally spoiled products.
76
These experiments enable the spoilage potential of microorganisms to be determined, i.e. their 77 ability to produce metabolites resulting in off-odours or off-flavours (Gram et al., 2002; 78 Dalgaard, 2006) .
79
Enhancing our knowledge of the SSO for specific seafood products will lead to the 80 development of better detection methods, shelf-life predictions and preservation techniques, 81 thereby reducing losses due to spoilage and improving seafood quality (Dalgaard, 2000) .
82
Several studies have focused on MAP cooked and peeled tropical shrimp spoilage or
83
MAP brined and drained shrimp spoilage (Dalgaard, 1995; Dalgaard et al., 2003; Mejlholm et 84 al., 2005; Laursen et al., 2006; Jaffrès et al., 2009; Noseda et al., 2010; Jaffrès et al., 2011; 85 Noseda et al., 2012) but this present study is the first to investigate the spoilage potential of 86 bacteria isolated from whole tropical shrimp.
87
Our aim was to identify the SSO dominating MAP stored cooked whole tropical 88 shrimp (Penaeus vannamei) and to highlight the interactions between these species. The 89 ability to spoil was investigated for different bacterial groups previously isolated from whole 90 spoiled cooked tropical shrimp; and then the spoilage potential of the strongest spoiling 91 bacterial isolate groups was further characterized. 
Materials and Methods

96
This study was conducted in two steps. In the first step, five different bacterial groups 97 previously isolated from spoiled whole tropical shrimp were inoculated in a shrimp model Pseudoalteromonas sp. and one strain of Psychrobacter sp.). Each group was represented by 113 2 to 6 isolates of the same species depending on the group (except for the "other Gamma-
114
Proteobacteria" group which was composed of two different species) (Table 1) .
116
Challenge tests
117
Cooked and peeled tropical shrimp from Colombia (South America) (about 7 kg) were 118 cooked by the manufacturer and directly transported to the laboratory. They were packaged 119 under vacuum in 1 kg bags, frozen at -80°C then sterilized and thawed before the experiment 120 as described by Macé et al (2013) . Isolates were pre-cultured individually in brain heart 121 infusion broth (BHI) (Difco Laboratories, Detroit, MI, USA) at 20°C until their maximal 122 concentration (7-9 log (CFU g -1 )) was reached (1-3 d). Cultures of several isolates belonging
to the same species were pooled in a sterile vial and diluted in sterile peptone water (0.85% 
Enumeration of inoculated isolates
At each sampling date of the preliminary characterization, one tray of the different 148 batches was used for microbiological count using Brain Heart Infusion Agar medium (BHI) as 149 described by Macé et al (2013) . ranging between 6.3 ("other Gamma-Proteobacteria" group) and 9.9 log (CFU.g -1 ) (C.
236 maltaromaticum) and were considered well implanted. or A. salmonicida, were considered strongly spoiled with a grade above 6.
245
After 15 days, two samples inoculated with C. maltaromaticum or S. baltica were 246 assessed as strongly spoiled with a score of around 7 or 8, respectively. Those inoculated with
A. salmonicida appeared less spoiled until the end of storage with scores decreasing from 5.5
248
(15 days) to 4.6 (26 days) and finally to 4.3 (32 days). Vibrio sp.-or "other Gamma-
249
Proteobacteria"-inoculated samples remained lightly spoiled with a score between 4 and 5.
250
The ionized control sample was not considered spoiled throughout the storage period. Its 251 spoilage score reached 3 at the end of storage, probably due to the remaining endogenous 252 bacteria.
253
After 8 
279
The principal component analysis (PCA) presented in Figure 5 was performed on the 280 mean scores of profiling tests and summarizes the evolution of the main odour characteristics. 
290
The results of viable counts of samples inoculated with the two different bacterial 291 isolate groups and their co-culture are shown in Figure 3 . C. maltaromaticum counts were 292 initially 3.4 log (CFU.g -1 ) then rapid growth was observed reaching more than 6.5 log
293
(CFU.g -1 ) after 4 days of storage. At 8 days of storage, C. maltaromaticum concentration was 294 8.9 log (CFU.g -1 ) and increased to 9.6 log (CFU.g -1 ) at the end of storage. The sample 295 spoilage score rose to 5.7 after 8 days of storage to reach a maximum of about 6.6 after 11 
306
An increase in TVBN production was observed with a maximal level of 50 mg-N 100 g -1 at 307 the end of storage ( Figure 6 ).
308
The S. baltica group, considered one of the spoiling groups tested here, was included 309 in the volatile compound study using SPME/GC-MS-FID. Approximately 40 compounds
310
were identified in the sample tested. Statistical treatment (p value < 0.05) was used to 311 compare the non-inoculated control sample stored for 1 and 18 days, the newly S. baltica-312 inoculated sample (1 day of storage) and spoiled sample (18 days). Hence, 18 compounds 313 exhibiting a specific behaviour on the spoiled sample tested were determined (Table 3) .
314
Among them, 14 were only detected in samples spoiled by S. baltica: butanol,
315
isoamylalcohol, 1-hexanol, 2-hexenal, acetic acid, isovaleric acid, isobutyric acid, 2-316 propanone (acetone), 2-heptanone, 3-hydroxybutanone (acetoin), 2-nonanone, 2-decanone, 
327
Co-culture samples gave the maximum production of TVBN with about 63 mg-N 100 328 g -1 observed among all the samples tested in this study (Figure 6 ).
329
These samples presented the same spoilage behaviour as C. maltaromaticum single- 
360
All bacterial groups present on the spoiled product were not involved in spoilage was determined that high concentrations of S. putrefaciens (8-9 log (CFU.g -1 )) are required to 373 produce off-odours in seafood (Dalgaard, 1995 
390
The spoilage potential of these two bacterial isolate groups was thus studied singly or Gram et al., 2002) .
409
The spoilage kinetics of co-inoculated samples corresponded to C. maltaromaticum storage of seafood products (Jorgensen et al., 2001; Joffraud et al., 2001; Wierda et al., 2006) 422 and notably of shrimp (Laursen et al., 2006; Jaffrès et al., 2011; Noseda et al., 2012 can be produced in different metabolic pathways (Joffraud et al., 2001) . Shewanella has been 432 assumed to be involved in acetone production on spoiled shrimp (Noseda et al., 2012) . et al., 2012) . In this study, 437 methyl mercaptan production is described in S. baltica spoiled sample and it is the only 438 compound which can be linked to the sulphur/cabbage odour of this sample (Fenaroli, 2001) .
439
Methyl mercaptan could be an interesting spoilage marker for MAP cooked whole tropical 440 shrimp, even though the sensory profile of seafood products depends on a combination of 441 different compounds rather than a single one (Laursen et al., 2006; Jaffrès et al., 2011) .
443
Conclusion
444
The results of these challenge-test studies show that two isolate groups from five Table 2 : Main odours in cooked tropical shrimp inoculated with 5 bacterial groups followed by storage under MAP at 8°C for 32 days.
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Percentage of panellists (n=9) noting specific odour characteristics is indicated in brackets. Main odours presented were noted by at least 3 panellists. 
